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Analysis of Features and Causes of Abnormal Structure in
TC17 Titanium Alloy Forgings
Han Tong, Zhang Junxiao, Liu Di, Bai Yu, Wu Tiandong, Zhang Lijun
(Xi’an Chaojing Technology Co., Ltd., Shaanxi Key Laboratory of Advanced Metal Structural Materials Precision
Thermoforming, Xi’an 710299, China)

Abstract: During macrostructure observation of a conventionally forged TC17 titanium alloy forging (processed in the
o+f two-phase region), flattened and elongated lamellar structures with alternating light and dark bands along the metal
flow direction were found in certain areas. Metallographic analysis showed that the abnormal area exhibited deformed
Widmannstatten structure, which was significantly different from the equiaxed structure of the normal area. It was found
that the tensile strength of the abnormal structure was lower than that of the normal structure. The experimental methods
combined with practical production analysis were conducted to locate the causes of the abnormal structure formation.
The factors such as component segregation, abnormal heating temperature and uneven heating temperature were
excluded. The primary cause was attributed to a localized temperature increase of 36—44 °C in the abnormal regions
during forging, which higher than the transformation temperature, resulting in the formation of f forging structure.
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Fig.1 Macrographs of TC17 titanium alloy forging:

(a) normal area; (b) abnormal area
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Fig.2 Normal area microstructure of TC17 titanium
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Fig.3 Abnormal area microstructures of TC17 titanium

alloy forging: (a) 50%; (b) 500x
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Table 1 Room-temperature tensile properties in different areas

of TC17 titanium alloy forging

Sampling 0k MPa  ReuMPa A% 2%
location

1 1198 1159 115 44.0

Normal area 2 1194 1157 10.5 40.0

Ave 1196 1158 1.0 42.0

1025 965 145 510

Ab:r(::‘al 1047 993 100 28.0

Ave 1036 979 1225 395
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Table 2 Chemical composition in different areas of TC17

titanium alloy forging

Area Al Mo Zr Sn Cr (0]

Normal area 5.15 4.07 197 2.10 3.88 0.125
Abnormal area  5.10 394 2.11 2.10 4.00 0.124
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Fig4 SEM morphologies and EDS surface scanning analysis
results in different areas of TC17 titanium alloy forging:

(a) normal area; (b) abnormal area
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Table 3  Statistical data for finished product forging and heat treatment process of TC17 titanium alloy

Heat treatment

Process Finished forging
First annealing Second annealing
Effective heating zone/mm 1800x1200%900 2200%2500x1000 2500x1800%600
Blank size/mm @300%455 130x300x400 130x300x400
Temperature uniformity of furnace/°C +10 +10 +5
Actual temperature difference/°C —4.6~6.8 -6.7~6.0 -3.3~2.3
Actual heating temperature/°C 854.1~855.4 808.1~810.1 618.1~621.0

K5 TC17 Bk & BATHALE 340 B
Fig.5 Photo of heat treatment charging of TC17

titanium alloy forging
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